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As a novel research area, there are full of challenges for organic cocrystals. The first challenge is the basic mechanism of co-crystallization, because not any two types of materials can recognize each other and self-assemble into a cocrystal. Hence, a question is what kind of material is suitable for co-crystallization, and how different molecules co-assemble, nucleate and crystallize. This is also related to the method applied for co-crystallization, including solution [24] , vapor-phase [6,27−29] and mechanochemical techniques [16, 30] . In our experience, some fundamental conditions are also essential for solution co-crystallization, such as strong intermolecular interactions, planar molecular structure and similar solubility of donor (D) and acceptor (A). In order to reveal the nucleation and growth mechanism of organic cocrystals and further control the self-assembling process of co-crystallization, we used perylene-tetracyanoquinodimethane (TCNQ) CT cocrystal as an example [31] , and found that the morphology and phase of cocrystals mainly depend on the concentration of perylene (C perylene ) rather than TCNQ (C TCNQ ), and high C perylene is favourable for the formation of (perylene) 3 TCNQ (P3T1) microblocks, while low C perylene faciliates the formation of (perylene) 1 TCNQ (P1T1) nanowires (Fig. 1 ). More importantly, we demonstrate that the formed D-A complex is regarded as a new material species, because the solubility of the formed P3T1 in acetonitrile is obviously lowered than that of any single components. It actually allows us to define the cocrystal as a new molecular species. The structure-function relationship of these cocrystals is further investigated. P1T1 cocrystals exhibit n-type behavior with electron mobility of 0.05 cm 2 Organic cocrystal (also "co-crystal"), formed with two or more different components via non-covalent intermolecular interactions, possesses novel, unpredicted and unique properties, which are not the simple sum of those molecular components, e.g., with effect of 1+1>2. In this regard, organic cocrystals provide a distinctive strategy for the synthesis of novel multifunctional materials, and an important platform for exploring new fundamental physicochemical phenomena in molecular systems, such as high conductivity [1, 2] , ambipolar charge transportation [3] , photovoltaic behavior [4−6] , white light-emitting [7] , room-temperature phosphorescence [8] , nonlinear optics [9−12] and ferroelectricity [13] etc., with potential application even in liquid crystal engineering [14, 15] and drug industry [16] .
Probably, the first cocrystal could be tracked back to 1844 assigning to the discovery of "quinhydrone" by WÖhler [17] , while the conception of "cocrystal" was firstly used by Schmidt and Snipes [18] to describe the crystal of pyrimidine and purine complex in 1967. However, the widely acceptance of this concept is still progressing, since the definition of a cocrystal has been debated in the crystallography field. Another terminology of "molecular complex" was also proposed by Patrick and Prosser [19] to define the mixture of benzene and hexafluorobenzene in 1960, and then became another word to describe crystals with multi-components. The word cocrystal re-attracted attention since 2003, and a generally accepted definition is a structurally homogeneous crystalline material that contains two or more neutral building blocks that are present in definite stoichiometric amounts [20, 21] . We have gathered and analyzed all reported organic cocrystals, and divided them into four types according to the intermolecular interactions responsible for the co-crystallization: halogen-bonded [22] , hydrogen-bonded [23] , π-π packing [24, 25] and charge transfer (CT) [26] . Using this kind of division, a much clear image of organic cocrystals could be given. Molecules in cocrystal pack general in two modes: i) mixed-stacking, wherein different molecules alternative- 
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that of P3T1 cocrystals, since the mixed-like packing structure in P3T1 is not favourable for exciton separation. These interesting results here pave the way for rational design and preparation of cocrystals with desired functions. It should be noticed, because of the limited reports on vapor-phase co-crystallization and lack of mechanism investigation on mechanochemical method, further research should focus on these issues as well as the extension of organic cocrystals into two-dimensional (2D) structures [32] . Another long-standing problem is to understand the CT interactions and exciton dynamics. It is key important to confirm whether the CT interactions exist in cocrystal, which significantly affect the lattice instability [33] and bulk optoelectronic properties [34, 35] . A puzzle we are encountering is to distinguish the ground and excited state [36, 37] . Recently, we [38] found that both of ground and excited states of 1,2,4,5-tetracyanobenzene (TCNB) based cocrystals are actually CT state, as experimentally verified by spectroscopic studies, electron spin resonance (ESR) measurements and theoretical calculations (Fig. 2) . Significantly, we demonstrated that the CT interactions in cocrystals are related to their molecular packing and can be [39] , thus resulting in distinct optoelectronic properties. And we proposed that the π-electron-rich circumstances in molecular columns of donor are helpful to promote the CT process from donor to acceptor.
In order to gain a deeper understanding of fantastic optoelectronics, the dynamics of excitons in cocrystals should be concerned, especially in those with a neutral ground but a CT excited state [24] . In these cocrystals, the generated singlet excitons are changed ultrafast into CT excitons, which is common but largely puzzled in organic photovoltaics [40] . Due to the limited studies on these, further investigations may be devoted to revealing the exciton dynamics and related molecular dynamics by applying advanced time-resolved spectroscopic techniques, as well as theoretical calculations. Moreover, both of the CT degree in the ground state and its influences on physicochemical properties are not yet well understood.
The third challenge is to explore new physicochemical properties and potential applications for organic cocrystals. Since the discovery of high conductivity in 1973 [1, 2] , the research on this area has gained enormous attention, but now the question is what kind of new properties which have not been revealed in today's molecular materials that co-crystallization will bring to us, and what kind of novel application could be expected. Like organic-inorganic perovskites [41, 42] , organic cocrystals are expected possessing not only ideal field-effect properties, but also photovoltaic, light-emitting and even magnetic properties. In our opinion, further research interests should mainly focus on ferroelectrics, nonlinear optics (such as two-photon absorption and fluorescence) and magnetic properties, as well as multifunctional and smart cocrystal materials. We believe that organic cocrystal is at the fundamental heart of molecular science and is now gaining a lot of attention. And we believe, in the near future, more and more research on this area will take us to a beautiful and fantastic "cocrystal world".
